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■*A1K RESULTS OF THE EXPERIMENTS CONDUCTED DURING THE PLIGHT 
OF THE KOSMOS-1129 BIOSATELLITE AND THE STATUS OF 
, PREPARATION OF STUDIES ON THE NEXT BIOSATELLITE 

„ E. A. II 'in 

\ The Kosmos -1129 biosatellite, which was launched into space on /I* 

September 25, 19?9, is the fifth automatic biologic laboratory. The 
first such laboratory, the Kosmos-605 biosatellite, was launched in 

j 1973. 

* The construction of the biosatellite is subordinated to coiupletion 

I of the main taskj provision of a means by which various biologic 

, experiments can be conducted during space flight up to 30 days and 

I return of biologic subjects to the earth. The biosatellite consists 

f of three chambers 1 the re-entry apparatus, the instrument aggregate 

\ chamber and a hermetic container with additional chemical sources of 

; power. 

i 

The re-entry apparatus is the most complex chamber. It is in the 
form of a sphere with a diameter of about 2 m. The frame is made of 
' aluminum alloy and the exterior has a heat-protective covering, which 

is essential during re-entry when it passes through dense layers of 
i atmosphere. The re-entry apparatus has three round hatches, two for 

“ equipment assembly. The third hatch serves as the top of the parachute 

container. Inside the frame of the re-entry apparatus are situated 
the safety equipment and tha scientific equipment with the biologic 
^ subjects. 

: Depending on the program of experiments and the constitution of 

the scientific equipment, the internal design of the re-entry apparatus 
; is easily altered without substantial construction modifications, which 

i is important for the experimental satellite. 


* Numbers in the margin indicate pagination in the foreign text. 
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■fhe instrument ai5;gregate chamber contains equipment that permits 
the biosatellite ‘B orbital flight as well as a braking motor device 
for descent from orbit. 


tanks v;i i;!i conpi'ossed gas for tlie motors of the orientation sys- 
tem are mounted on the upper cone of the biosatellite's instrument 
aggregate chamber. 


A full-scale model of the biosatellites has been set up in the 
Space Museum in rioBcow. 


■fhe programs of scientific experiments in the flights of the 
five Kosmos biosatellites have been characterized by their order as 
well as by a gradual complication and deepening of the conducted 
investigations, tince 1975 » tiiat is, the flight of the koBmos-7B2 
biosatellite, aoientists fx'om Czechoslovakia, Hungary, Poland, Hul- 
garia, Rumania, the CDR, the USA and France have taken an active part 
in these programs. Today we are pleased uO note the highly productive 
collaboration of Soviet and American specialists in the preparation, 
performance and analysis of results of joint experiments that were 
conducted in the flights of three Kosmos biosatellites. 


In these experiments fundamental attention was concentrated on 
the study of the biolO{;:;ic effects of such a unique factor of space 
fliilit as weightlessness. 


before the launch of the Kosmos -1129 biosatellite in many experi- 
ments on board the preceding biosatellites it was shown that weight- 
lessness does not have a significant effect on the intracellular mech- 
anisms of vital activity and does not promote the occurrence of path- 
ologic or irreversible changes in the organism's physiologic systems. 
Moreover, in a study of rats in space flight conditions the appearance 
of moderately expressed stress and of specific adaptive changes in 
the locomotor apparatus, myocardium, blood system and some other phys- 
iologic systems of the organism was discovered. 


On the basis of these data, the program of irvestigations on the 


Kosmos-1129 biosatellite provided for a more in-depth study of the 
mechanisms of the adaptation of biologic systems to conditions of 
weightlessness . 

Used as experimental subjects on board the Kosmos-1129 biosatel- 
lite were b?P Vistar I'ats, the drosophila fruit fly, eggs of the 
Japanese quail, higher plants, lower fungi and cultures of animal and 
plant cells, 

fhe flight of the Kosmos-1129 biosatellite lasted 18. 5 days, fhe 
maximum distance of the biosatellite from the surface of the earth (at 
the apogee) was 406 km; the minimum distance from the surface of the 
earth (at the perigee) was 226 km. Practically simultaneously with 
the flight with a displacement of 5 days a synchronous control exper- 
iment w^as conducted on earth in a model of the biosatellite's re-entry 
apparatus. In this experiment, practically all the physiologically 
significant factors of the space flight with the exception of weight- 
lessness were imitated. The remaining control experiments were con- 
ducted in laboratory conditions . 


Analysis of the telemetric information received from the biosatel- 
lite during its orbital flight showed that the following atmospheric 
parameters were maincained in tlie pressure cabin with the biologic 
subjects s 

content of oxygen 135-212 mm Hg 

content of carbon dioxide to 7 mm Hg 

air temperature 22-25° C! 

relative humidity 5b~66f^ 

The content of gaseous trace contaminants in the air of the bio- 
satellite's pressure cabin during the flight was judged on the basis 
of the results of studies of the content of several basic volatile /4 

products of the metabolism of the animals in experiments conducted 
in the earth-based model of the biosatellite's re-entry apparatus. 

The studies showed that the content of most of the trace elements was 
at levels signif icantly lower than the threshold concentrations that 
can cause a toxic effect with long-term, continuous action, Alojig with 
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this a gradual increase in the concentration of carbon monisxide, the 
peak value of which was 52 vms discovered. The results of 

animal experiments as well as the literary data gave reason to believe 
that the increased carbon monoxide concentrations discovered in the 
air of the biosatellite's re-entry apparatus in our experiments could 
not, in small periods of exposure, have any significant effect on the 
state of the organism's physiologic systems. 

fhe dispersed content and quantity of aerosol particles in the 
air and the noise level in the biosatellite's re-entry apparatus did 
not exceed the permissible values. 

During the biosatellite's flight and in tlie synchronous control 
experiment the rats were in individual cages of automatic maintenaiice 
units. JSach 200 x 100 cylindric cage was fitted with a feeding dish, 
water dish, dome light, ventilation system sind compartment for the 
experiments. Five cages were structurally united into one unit. On 
the Kosmos-1129 biosatellite there were six such units for the housing 
of 30 rats and one unit of new construction for the gregarious housing 
of seven rats. Thus there v/ere a total of 3? rats on board the Kosmos- 
1129 biosatellite. 


A nutritionally balanced pasty feed was used to feed the rats. 

The animals' food consumption and anabolism in the flight and earth- 
based experiments were practically identical. The animals' water con- /5. 
sumption in the flight and the earth-based control experiments was 
not limited, The light day was 12 hours. 

The animals' condition during the flight was checked through 
channels of the radiotelemetric communication by means of registration 
of the total motor activity and the body temperature. The construction 
of the aevices for the registration of total motor activity was based 
on a noncontact method. The cage itself served as the sensitive ele- 
ment of the noncontact monitor. Intraperitoneally inserted transmit- 
ters with amplitude-impulse modulation of carrier signal radio fre- 
quency v/ere used for the registration of the rats' body temperature. 




Receivin.^ antennae v/ere mounted in the body of the animal cageiu 

In the flight and synchronous experiments the total raotor activity 
was registered every 2 hours for 24 hours on odd days, and the body 
temperature was registered on even days. 

The use of a specially constructed unit on beard the biosatellite 
made it possiole for the first time to record in flight the parameters 
of the aniracals' conditioned reflex responses to light stimuli by means 
of the character of the motor reaction in the vicinity of the feeding 
dish. 


Fositive conditioned reflexes had been developed and well rein- 
forced in the animals before the start of the experiments (basic and 
synchronous ) . The differentiation }\ad to be formea in the course of 
the experiment itself. 

The results showed that during the flight there was a reduction 
of the rats' conditioned reflex activity, with weakening of both 
inhibitory and stimulatory processes. The number of "prolapses" of 
conditioned reflexes increased. The degree of the reflexes decreased, 
and the latent periods became longer. 

Also seen was a leveling of response reactions to strong and weak 
conditioned signals in the middle of the flight (7-12 days). 

By the end of the experiment tlie adverse changes in conditioned 
reflex activity were decreased, al thought they did not completely dis- 
appear. 


The deterioration of the rats' conditioned reflex activity during: 
the flight was moderate and reversible. This was indicated by the 
absence of gross disturbances in the function of the higher regions 
of the central nervous system, as well as by the appearance of signs 
of adaptive v/hanges, primarily in the condition of the stimulating 
process . 
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A Study of the effect of the conditions of space flight on bio- 
rhythms was continued during the flight of the Kosmos-1129 biosatel'lite . 

In experiments on the Kosmos-7d2 and Kosmos-93b biosatellites it 
had been shown at the daily rhythm of motor activity (MA) and body 
temperature (31') remains stable during; the entire flight, and the 
distribution of the animals' activity and rest in the daily cycle re- 
mains normal, 

In the given experiment the task was to study the process of the 
phase restructuring of the daily cycle of KA and 31 in rats in flight 
after inversion of the light period phase. Ihe second task was an 
evaluation of the circadian and minute rhythms in animals in the re- 
adaptation period . 

Before and during the flight f’ rats were kept in conditions of 
artificial liglit in a "light-dark" regimen of 12/12. On the 10th day 
of the experiment the light period was inverted by doubling the dark 
time with a phase shift of lbO°. After the flight the animals were /2. 

kept in conditions of a inverted lighting regimen. 

The circadian I'hythms were studied by PNfi specialists in the 
postflight period as well by indices of the daily dynamics of diuresis 
and excretion of hydroxyproline and electrolytes with the urine. 

The microrhythms of the minute range were studied by the 

indices of conditioned reflex motor reactions in paini'ul reinforcement. 

The work was conducted by the procedures of K. Gekht and specialists of 
the GDR. The minute oscillations of the latent period and the times of 
the animal's run after presentation of the conditioned signal were de- 
termined . 

In the experiment on the Kosmos-1129 biosatellite, before inver- 
sion of the light regimen, the normal daily rhythms of TiA and BT were 
maintained in the rats. Immediately after inversion a unidirectional 
and uniform displacement of the llA and BT phases began, which continued 
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to the end of the flifjht (IB. 5 ' xys) and exceeded 180°. 'fhe rate of 
the '!A and Bl’ phase shift after inversion in the flight did not differ 
from this index in the synchronous experiment. 


i\fter completion of the flight and the synchronous experiment, some 
diuturbr-nces of circMdiaii rhytlrms were noted in the first observations, 
both by MA and Bf indices and by data of the dynamics of diT,'resis and 
hydroxyproline and electrolyte excretion, fhe circadian rhythm of I-iA 
and B'B was not clearly expressed in this period, but later became 
stabilised, fhe terminal phases of the rhythms of diureses and sodium 
anc potassium excretion were shifted from the second half of the "dark" 
phase to tlir boginning of the "light" phase in the flight gx’oup. In 
these rats no rhytam of hydroxyproline excretion was detected, and the 
maximum excretion of phosphates and calcium was shifted to the beginning 
of the "dark" phase. 


In the first two observations (3 and 10 days) the minute rhythms 
of the conditioned reflex motor reactions, tlie latent period and the 
running time in animals of the flight and synclironous groups were dis- 
turbed, ho norm c'nar-'icteris bic diatrubution of amplitudes and phase 
connections in tlie circadiur, cycle were found in this period. In sub- 
seauent observations (15-S9 days) complete r ormali^-ation gradually oc- 
curred in the animals of the synchronous experiment, whereas in the 
flight group of rats the tdiythms of the minute range remained disturbed 
to the end of the observation period. 


/ 


riius, weightlessness and other factors of the flight did not af- 
fect the maintenance of !'A and Bf circadian rhythms in flight or the 
rate of phase restructuring in the course of the flight. However, the 
flight factors proved to be clearly unfavorable with respect to the 
organisation and maintenance of normal rhythms of daily and minute 
ranges in the readaptation period. 


Metabolism studies were significantly expanded in the experiments 
on the Kosmo5-112? biosatellite. In particular, fox' the first time in 
flight j>ractice a t-.pooial oovict-.-iuerican experiment to study the ef- 
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I'ect of wei.rhtlesfness on the body composition of animals was conducted* 

i’he total body mass, pure body mass (total body mass minus mass of 
the hair covering, the contents of the gastrointestinal tract and the 
contents of the urinary bladder), skir mass, mass of the musculoskeletal 
system (eviscerated carcass with tail) and the mass of the all the in- 
ternal organs were determined in this experiment, fhe content of water 
and fat was determined in the skin, the musculoskeletal system -and the 
sum of all the internal organs* In the dried, defatted mass, the con- 
tent of nitrogen, phosphorus, potassium, sodium, calcium, magnesium and 
creatine was determined. 

i!ie aninals of the flight group markedly differed from the vivarium 
control by the high content of fat in all the body components; by an 
increase in the wet and dry mass of the internal organs, especially /£ 

aDdominal fat, of the gastrointestinal tract, liver, kidneys and cervi- 
cal glands; oy a decrease in total body weight, mass of the skin and 
musculoskeletal system, their dry defatted mass and water; and by a re- 
daction in the quantity of creatine in the body. 

Comparison of the data on the body composition of animals of the 
flight group and the synchronous control showed that the flight ani- 
mals had less mass of defatted components and less mass of the skin 
and of the musculoskeletal system as a whole. Also noted in animals 
of the fliglit group were a reduction in spleen mass and an increase in 
kidney mass, which corresponds to previously obtained results. For the 
first time an increase in livex-' mass was detected, fhe flight animals 
also aif3‘oreci from the animals of the synchronous control by a lower 
level of hydration, especially of the skin and jnusculoskeletal system. 

In the dry defatted body mass a reduced creatine content was discovered. 
Soviet and American specialists obtained varying data on the total 
calcium content in the body of the animals. 

No significant changes in the blood levels of ACTH, glucagon and 
glucose were discovered in the postflight investigation. At the same 
time, a significant increase in the insulin level was found, which in- 


dicates an increase in the functional activity of the beta cells of 
the pancreas. Also discovered was an increase in the level of triiodo- 
thyronine agai^ist a backi;roand of increasea couccntration of thyro- 
tropic hormone and decreased concentration of thyroxine, which inai- 
cates some reduction in the functional activity of the thyroid gland, 
i'hese changes contii'iued for 6 days al’ter completion of the flight. 

The functional load test in the form of 2.^-hour immobilization, 
vmich done twice in the postl’light period, showed a less marked /lO 
reaction of th=; nypothalamus-hypophysis system (on the basis of AGfH 
content in the blood) in the animals of the flight group than in the 
control. 


'.'oreover, the enzymatic system of cyclic adenosine monophosphate 

(qA^T) synthesis in the hypophysis of animals of the flight and s;/n- 

/ 

chronouG groups reacted to immobilisation with changes in the activity 
of adenylate cyclase and phco,,nodiesterase activity that were close in 
v;ilue, and imnely by activation of adenylate cyclase and reduction of 


pliO s phod i o s 1 0 r as e ac t i v i ty . 

fhe space flight did not affect the content of nucleic acids in 
the furkinje cells of the rats' cellebellar cortex and in their glial 
cells — satellites, i'he test with immobilization did not affect the 
content of nucleic acids in the rats of the flight group, out signifi- 
cantly iiicreasod their content in the rats in the synchronous control 


group . 


In the liver of rats that were studied immediately after comple- 
tion of the flight, no changes in DHA metabolism were discovered; the 
small changes concerned only HNA metabolism, ihe test with immobili- 
sation did not lead to a chan=-e in the RUA content in the liver, 
whereas the DMA concentration was increased reliably, ‘fhe DMA polymer- 
ase system in the experimental animals reacted to immobilisation as 
did that in the control animals, and the Rf^'A polymerase system proved 
to be insensitive to the action of additional stress. 
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Iniaediately after the flight a significant (li times) reduction 
in the DhA content in the rats’ spleen was discovered, which was evi- 
dently caused by the alteration in the cellular composition of this 
organ, but b days afte^ the flight the DHA level no longer differed 
from the control. Imnooilization of the animals in the postflight 
period led to a significant increase in the DhA concentration and re- 
duction in the RTIA content in the rats* spleen, and the effect of im- 
mobili/.ation was expressed significantly stronger in the flight rats 
than in the vivarium and synchronous control groups. 

An increase in the level of pclydesoxyribonucleotides of approxi- 
mately 2 times as compared to the control was found in the thymus of 
the rats of the flight group mmediately ai’ter landing, and the content 
of DhA and HTJA and the weight of the organ were significantly reduced, 
i’he level of polydesoxyribonucleo tides had normalised b days after the 
flight, although the content of nucleic acids and the weight of the 
thymus were not restored . 

The changes in the thymus caused by immobilisation were expressed 
in a significant increase in the level of polydesoxyribonucleotides 
and a reduction of nucleic a.cids and organ mass. These changes were 
clearer in the flight and synciironous experiment groups tiian in the 
vivarium control. 

Mo changes were found in the concentration of nucleic acids in 
the bone marrow and blood of the rats immediately ai'ter the flight. 

Six days after landing the concentration of DIvA in the bone marrow had 
increased, whereas the concenti'ation in the blood was reduced as 
compared to the vivarium control, ifith respect to the effect of im- 
mobilisation in the bone marrow of the flight rats, the concentration 
of nucleic acids had a tendency toward reduction (in contrast to the 
synchronous and vivarium control). A reduction of the blood DMA level 
was found as well. 

Study of the reaction of cellular elements of the blood and lymphoid 
organs to the effect of space flight factors showed the presence of a 


clearly expressed stress reaction 6-10 hours after the flight (neutro- 
philia, lymphopenia, decrease in the v/eight of lymphoid organs and the 
number of cellular elements, increase in the number of pyknoses in the 
thymus). j?o additional stress tM>ts the reaction of the cellular ele- 
ments of the blood and lymphoid organs in the animals of the flight 
group was the same as that in the control; the difference in absolute 
values of the studied indices between the experiment and the control 
after the tests was significant and statistically reliable. 

i’he results obtained in the study of the activity of oxidative en- 
zymes (malate and isocitrate dehydrogenases) and the glycolytic enzyme 
lactate dehydrogenase in the rats' subcellular liver fractions after 
flight indicate, on the one hand, suppression of the processes of the 
oxidation of substrates of the Krebs cycle in the mitochondria; on the 
other hand, suppression of the processes of glycolysis in the cytoplasm 
and, possibly, reinf orcement of the processes of gluconeogenesis . Re- 
peated stress tests in the postflight period did not Iiave a noticeable 
effect on the activity of the studied enzymes in any of the groups of 
rats . 

Determination of the activity of glycogen-splitting enzymes (alpha 
amylases and aldolases) in the ulna makes it possible to conclude that 
the rats' 18-day stay in space flight conditions causes some changes in 
the enzymatic activity of the organic matrix of the bone tissue, and 
that the reaction of the studied enzymes, which participate in the 
splitting of glycogen, is probably directed at reoioval of the adverse 
effect of weightlessness. A series of experiments v/ith immobilization 
indicates that the detected changes in the activity of the studied en- 
zymes can also occur in response to a nonspecific stress-producing im- 
pulse . 


fhe results of the studies of skeletal muscles and the locomotor 
apparatus that were conducted on the Kosmos-1129 biosatellite on the 
whole confirmed the previously discovered dependence of the expression 
of the changes that occur in different skeletal muscles in conditions 
of weightlessness on the degree of the muscles' par oicipation in anti- 
gravitation function. Ihanks to wider cooperation of specialists of 
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other countries and scientific organizations of the USSR in the experi- 
ment on the KosTftos-1129 biosatellite it was possible to significantly 
strengthen our understanding of the picture and mechanisms of adaptive 
changes in the muscles and bone tissue • 


yiie results confirm the previously stated hypotiiesis that the re- 
action of the antigravitation muscles to weightlessness not onl;'" has 
features of functional atrophy* but also has a clearly adaptive charac- 
ter. Also confirmed were data, which were obtained in an experiment on 
the Kosmos-935 biosatellite, showing that the changes in the physiologic 
cliaracteristics of the rats' antigravitation muscles (soleus, shoulder 
triceps) are related to adaptive changes of the contractile properties 
of the muscles' functional proteins. For the first time it was shown 
that these changes are caused by restructuring of the submolecular com- 
position of the contractile proteins, which is accompanied by a change 
in the suectrum of isoenzymes of myosin in tlie muscle fibers, which 
are differentiated by the content and properties of the lov/-molecular 
protein fragments, fhe resultant data indicate the possibility of the 
transformation of the pPienotype of muscle fibers xrom slow to rapid in 
space flight conditions. There are reasons to believe that the signs 
of the activation of catabolic processes in the muscle that were noted 
in the experiment are related to switching on of the control mechanism 
of the proteins' life duration "for the purpose of" accelerating the 
process of the transformation of the phenotype of the muscle fibers, 
which are adapting go the new biomechanics of contraction in the con- 
ditions of the experiment, Morphologic studies of the muscles, which 
were carried out in the given experiment by specialists of the USA, do 
not contradict the above stated considerations. 


Studies of the bone tissue, which were conducted by specialists of /14 
the USSR and the USA, clearly showed that such changes as the volume 
and intensity of resorption as v/sll as the intensity of periosteal bone 
formation are more clearly expressed in the tibia than in the bones of 
the shoulder. During study of the rats, Ainerican specialists obtained 
essentially new data on the reaction of the bone tissue of the vertebrae 
and the vertebral column as a system. In the flight group of animals 
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a reduction was found in the strenf,th of isolated vertebrae, and an 
increase v/as found in the sensitivity of the vertebral column as a 
whole to meohaniCval loads. It was discovered that this chantse in the 
senvsitivity to a load v/as unevenly distributed along the length of the 
vertebral column and that the readaptation period, 29 days, was insuf- 
ficient for complete restoration of the mechanical strength of the 
skeleton. 


In the ontogenesis experiment no progeny were obtained from the 
rats exposed in space flight conditions, ‘therefore a reserve variant 
of the program was used, the goal of which was study of long-term con- 
sequences of space flight, including the possible effect of weightless’ 
ness ;uid other factors on the male gametes, hales who had been ex- 
posed in weightlessness conditions v/ere mated with intact females 3 
days nnd 2 . 5 -d months after the flight. In the first variant of the 
expei'iment the ejaculate consisted of spermatoaoa that had been sub- 
jected to the effect of weightlessness in the "mature" state; in the 
spconi variant were spermatoaoa that had been subjected to the offe. 
of space flight factors it the stage of a stem cell of spermatogenesis- 
sperm ! tog one . 


In the interval between these matings, 4-3 weeks after the flight, 
the male;; of the flight, vivarium mid synchronous groupvS were mated with /1 3 
with females of the corresponding groups. By this time the males' ejac- 
ulate consisted of spermatoaoa that had been subjected to the effect of 
space flight factors at the stage of second order spermatoaoa and type 
3 spermatogones. 


No signifiCsant reduction in the number and weight of offspring was 
detected in any of the mating variants. 


’Vith the mating 3 days after the flight, an increase in the number 
of females was noted in the progeny of the. flight and synchronous 
groups; 122-124 (to 100 males), with 91 in the vivarium control, which 
may do a result of the different stressor situations that took place in 
the two situations. In the study of the soft tissues and internal or- 
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of th»> lu^wborn by Wilson's method in this series of ex~ 

pori?nents an increase in the number of baby rats with deviations from 
the norm was no tCvi in the pro^teny of the flight males up to 3?;«* with 
11 S in the synchronous and 19;1 in the vivarium control. All the 
deviations in the progeny of the control groups were represented by 
edema and hemorrhages; in the progeny of the males who had been in 
flii'ht, in addition to this, anomalies of the internal organs were 
seem hydrocephalus, ectopia renis, increase in the urinary bladder 
(Id' of the deviations). 

Study of the physical development in the first month of life of 
tlio baby rats obtained from the mating of males from the flight group 
with intact females 5 d.iys after the flight rdiowed that they lagged be- 
hind the progeny of the synchi'onous control, ‘fne delay was manifested 
in later detaclruent of the ears, opening of the eyes and appearmice of 
fur, in an increase in tlio mirabor of specimens that moved little,^ 
etc. 

With nrating of males from the ■f’liglit group with intact females 
h. 5-3 months after the flight, no increase in tlio number of anomalies 
of the internal ox'gans in their progeny as compared to the progeny of /lo 
the control males was discovered. In this series of experiments the 
animals were ex;,imined on the 21st day of pregnancy. The rate and 
chai'acteristics of postnatal development were not studied. 

The relative weight of the internal organs in the first month af- 
ter birth in all the mating variants was the same in the progeny of 
the flight and tlie control animals; small fluctuations were related to 
fluctuations in the number of baby rats in the littexn 

Before the baby rats reached 30 days of age, a one-time immobili- 
sation stress test was conducted on them, just as on the adult animals 
after the flight. On study of the oytogram of the peripheral blood, 
no difference was found between the progeny of the experimental and 
control animals in any of the mating variants either before or after 
the test. At the same time, study of the animals* behavior in a Lech- 
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man labyrinth in a number of cases showed less tolerance of the stress 
test in the pro^^eny of rats that had been in flight. 

On the basis of the limitation in our materials and the great 
variability of the characteristics of laboratory animals, we believe 
that it woxild be premature to draw conclusions regarding the possible 
adverse effect of flight factors on the generative function of mammals. 
At the same time, the obtained data alert us to and indicate the 
necessity of continuing and expanding investigations in this direction. 

Along with the so-called physiologic experiments on rats in the 
flight of the Kosmos-1129 biOvSatellite, a number of experiments direc- 
ted at further study of the biologic role of the force of gravity were 
conducted , 


fhe results obtained in the experiment with cultures of animal 
cells once again showed that weightlessness does not cause irreversible 
structural changes in the cells of mammals and does not lead to genetic 
changes in tiie cellular generation that is formed in flight conditions. 


.'\n experiment with the lower fungus Fhysarura policephalum, which 
is a multinuclcate unicellular organism, deserves mention. On the 
basis of observations of the migration of this fungus on the sux’face of 
thi? substrate, a hypothesis that in weightlessness the intensity of 
protoplasm movement apparently decreases was put forth. 


file resul.ts of m experiment with the higher plant Arabidopsis 
taliana are of considerable interest. The plaiits, planted in soil at 
the rosette stage, completed a full cycle of development in weightless- 
ness in the IH.f) days, put forth buds, bloomed and gave germinative 
viable seeds. V/ith these seeds it was shown that in the conditions of 
space flight with illumination and maintenance of other conditions of 
cultivation, hi;;h 


tative o.rowth to 


'r plcuits can develop favoi'ably and pass from voge- 
tenerative develonmt=int. 


The experiment with the Japanese quail (Ooturnix coturnix) 


eggs 
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showed that wt'iKhtlessness is not a principal obstacle to the normal 
embryo, -ienes is of birds. Analysis showed that the cause of the la<:; in 
the development rate of the embryos in fli^yhti the increase in the 
precentare of their mortality and tiie appearance of structural anomalies 
is not the absence of y.ravity but bi’oahdown in tue humidification sys- 
toMi in tlu? inv‘ub;itei‘. 

i'he experiment with the drosophila iruit i iy was directed at a 
st\idy of jtravitation preference, It was conducted in an instrument 
that was a centrifus:e witli four arms in the shape of a cross. I'hree 
feedinf^ dishes were situated in each arm of the ci'oss at varyin^^ dis- 
tances from the center. On revolution ol the oentrii usje ;.it a i^ate Oj. 


cm 


rpm, AG** was creatt'd 


.Hpual to 0.3 in who area of the first feouiii 


Vi X • V' I 


O.e s; in the area oi 


the i-.ee.und and 1.0 y in the area of the 


ton d;iys. before the fliyht a parent culture with drosophila 
such that flies would bes;in to come from it on the first day of 


/M. 


v.\ 

fli-'"lrt was place^i in the central feedDu" dish \^ith nutrient medium, 
.’sravitation preference was determined after the flijdit by the number of 
pupae and their s.hells In the. f('odiny dishes and in close proximity to 
them. 

Antilysis of the results of this experiment showed that the dis- 
tribution of pupae and larvae in the areas with different AG** values 
w:is identical, fhis means that the entire range of studied accelera- 
tions. from 0 to 1.0 g is uniformly indifferent for di-osophila and for 
its embryonal develox'ment and genotype. 

In an exxieriment on lettuce seeds (Lactiica sativa) the iret^uency 
liiid nalu.re of oiiromoso'^'a! injuries were siiiuiieu. dm iih tut fli,.4it 

S'Ceds were .found in speoia.l l>iolo_.ie oor.tainers that were attached 
inside and outside the biose.tellite top;ether with plastic radiation 
detectors, these detectors were intended to record the flow of heavy 
wharged pai'tlcles and to study their physical characteristics, as well 
as to identify the places the particles passed through the biologic 
subjects. For registration of the total dose, in the same place there 
were tl\ermolumiuescent dositieters,. the postflight study of which showed 


**AG= artificial gravity 
lo 


that for tho whole the average total dose in the internal and 

external containers was 0.3 and O.b rad, respectively. 

In the external container it was discovered that b'.l of the seeds 
had Iioavy charged particles in them? in the internal container, /19 

ihe grf^atest number of impacts occurred in cotyledons (hl.d;»). 

In the root and stal'-r meristems the number of impacts was insignificants 
and 3-0;j, respectively. In the seeds in which heavy charged parti- 
cle impact had been recorded the number of chromosomal aberrations was 
2-2.5 times greater than in seeds without heavy charged particles. On 
analysis of the requency of chromosomal disturbances with respect to 
the place of heavy charged particle impact it was shown that tiie most 
sensitive target in the seed is the area of the root meristera. 

i’he distribution of absorbed doses of cos.uc radiation behind 
thin screens in the thickness range from 0.0035 to 0.13 g/cm"^ was studied 
for tiio first time on the Kosmos-1129 biosatellite, -fhe surface dose 

O 

in a 0.02 g/caif'-tnick layer behind a 0.0035 screen was 2h90 ± I30 

raa for the flight, that is, the force of the dose v.'as equal to 125 
raa/day. '/ith increase in tJie. thickness of the protective screen the 
sise of tlie dose sharply diminishes, and behind a screen 1 g/cm'“ thick 
it is 0,5 rad, file fluxes of heavy charged particles with linear 
energy transfers of linear energy Ioss^qqq of 200 khV/mcm were 5-^ ± 

0.7 and 3.? + 0,0 particles/cra'^ outside and inside the biosate.llite, 
respectively. Analogously, the fluxes of neutrons were 1.? x 10^ and 
2.0 X 10 neutrons/cm*-, respectively. 

Such in general features are the main results of the experiments 
conducted in the flight of the K.osmos-1129 biosatellite, fhese results 
were presented in more detail at the KOSPAH session in June of this year 
in juaapost and at the international symposium on gravitation physiology 
5n Budapest in July of this yevtr. 

The pregrama of experiments :ire being developed and the scientific 
researcii apparatus is being constructed in the USSR for the next Kosmos 
biooatellite, the 15-day flight of which is scheduled for the third 
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quarter of 19B2. 


2he program of experinentB in the flight of this biosatellite is / 
for us nontraditional. For the first time in the Soviet practice of 
medical biologic flight experiments, macaque rhesus primates (Kacaca 
mulatta^ have been selected as study subjects. Two monkeys aged 3 
and 4 years and weighing up to 5 kg will be on board the biosatellite 
in special capsules. 

During the entire flight the monkeys will be in special chairs 
in a fixed position. A pasty ration has been developed to feed the 
animals; it v;ill be given through mouthpeices twice a day. The con- 
tents of the ration include casein, butter and vegetable oil, rice and 
wheat flour, potato starch, sugar, destrins, apples, raisins, eggs, 
tea and salt and vitamin mixtures. A daily norm of the ration con- 
tains 32 g protein, 1? g fat and 105 g carbohydrate. The calorie con- 
tent of the ration is 960 kcal per monkey per day. Additionally, the 
monkeys will receive fruit juice as a reward for correct completion of 
the tests specified by the program of experiments. 

The animals' condition during the flight will be monitored by such 
indices as the BCG, body temperature, frequency of movement and eating. 
Also planned is transmission of the television image of the monkeys to 
the Flight Control Center. 

The main tasks of the physiologic studies on primates in the flight 
of the next Kosmos biosatellite are studies of the state of the vestib- 
ular apparatus, skeletal muscles, cardiovascular system and biorhythms 
in conditions of weightlessness and in the period of readaptation to 
the earth's gravity, “'any morphologic and biochemical studies are also 
Tplanned for the postflight period. 

The function of the otolithic apparatus and the semicircular canals 
will be evaluated in the resting state and also with their stimulation — 
standard vertical changes of the position of the monkeys together with 
the chair and standardised horizontal deflections (random turn of the 

head in the direction of a target). 


During t;ier.o tstudieu tlic following v/ill be recorded! neurograr. of 
the veotibular nucleun, electroocculograr., :nochanogram of head move- 
ment, encephalogram of the eensory region of the cortex and tensogram 
of preanure on the lever. 

i'hysiiologic mechanivama of the adaptation of the skeletal muscles 
to v/eir‘htlessnesG and “che moiikeys' motor functions will also be studied 
in the conditions of the presentation of functional loads. Recording 
of an electro myogram of the gastrocnemius and anterior tibial muscles, 
a dynamonyogram of the gastrocnemius lauscle and a mechanogram of 
treadle movoinenm is planned . 

otvidy of the function of the monkeys* cardiovascular system in 
flight conditions v/ill be conducted jointly by Soviet and American 
specialists. Iroposed for this is recording of the arterial pressure 
said linesir blood flew r;ite in the ca.ro tid artery, impedance of the 
chest cage and an olectroeax’diogram. 


biorhythms of the body temperature and the monkeys' 


motor activity 


will also bo 


studied in the joint Soviet-American experiment. 


Rui.ierous biotechnicval tests of different variants of the scientific 
i.'cseait'cl; equipment and systems of housing the monkeys on board the bio- 
saxollit.o have been made, procedures for the clinical physiologic selec- 
tion of monkeys for the flight have been chosen, pi''ocedures for the 
goneimal and special training of tne monkeys for the stay in the flight 
cannule are being developed, etc. '.v’ithout a doubt a large amount of 
work remains for the preparation of the experiments with the monkeys; 
hov/evei', much has ali'eady been accomplished, v/hich inspires optimism 
with respect to the possibility of tiinely and high-qi.iality completion 
of all the planned tasks . 


Continuation of the experimental studies on white laboratory rats 
is planned for the flight of the biosatellite in I9B2. In particular, 
prograr.ivS arc now being developed for embryologic experiments that will 
be conducted in two variants. In the first variant a group of rats 




concdRtia;: of o fo*nril''s v/ill be i-apre^riated before tiie flich'i (3 days 
before the launch). *rhe neconn variant of the experiiienx is planned 
such tha-u inpre ^nation vdll occur during the flight, fhis experiisent 
will De conducted on a group of rats consisting of three fenales and 
one ifiale. 

In the course of these exjserinents data will be obtained on the 
effect of v;ei~‘:htlessnoss on individual stages of embryonal development, 
as well as data on age changes in tne resistance and reactivity of 
an organism that iias spent part of the eDibryonal development period in 
conditions of weightlessness. 


For this pvirpose an experiment to stuay the energy metabolism 
with the use of a highly s,cnsitive on-board calorimeter is also pro- 
oosod foi* the next biosatellite, ler’iiinating seeds oi higher plants 
aiid insect p^upae will serve as tlifj subjects of the investigation. 
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